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In addition, staining around the granules and throughout the cytoplasm is more intense, suggesting that an early effect of cortisol is to block release of ACTH. Twenty-one days after adrenalectomy, the ACTH cells are greatly increased in numbers and have complex, tortuous processes filled with intensely stained secretory granules.
The site of adrenocorticotropin (ACTH) production in the rat pituitary has been a subject of controversy for a number of years. Farquhar (7) in 1957 suggested that ungranulated follicular cells which increase in size after adrenalectomy may be the source of ACTH.
In later studies, Kurosumi and Kobayashi (16, 17) and others (12, 30, 38) (37) .
Immunohistochemical studies at the light microscopic level, in which peroxidase-or fluorescein-labeled antibodies to ACTH were used to localize the ACTH cell in the rat (2, 3, 5, 13, 21, 22, 29) , located ACTH in stellate cells with processes extending to blood vessels.
Phifer and Spicer (29) Arsenal, Md.). The PAP complex was kept frozen in 0.1-ml amounts in separate vials. Only one vial at a time was diluted. Just before use, the PAP was thawed at 37#{176}C and diluted and a few drops were taken out for staining. It was found that diluted PAP could be refrozen and then rethawed for later use. However, frozen, diluted PAP was generally kept for no longer than 2 weeks.
The peroxidase substrates used were 3,3' -diaminobenzidine (Matheson, Coleman and Bell, Norwood, Ohio) and hydrogen peroxide. Ideally, the DAB should be kept frozen in small amounts since it may deteriorate after several months at room temperature.4 The hydrogen peroxide solutions were made from a 30% stock solution. The stock solution was discarded after 2 months. The reaction mixture was made up just before use as follows: 22 mg DAB were placed in a beaker containing 175 ml Tris (0.5 M Tris, brought to pH 7.6 by addition of 1.0 N hydrochloric acid) and 1.5 ml of 0.3% hydrogen peroxide.
The solution was then filtered. It is important to keep the solution moving during the staining procedure to prevent nonspecific adsorption of the reaction product to the embedding medium. For this purpose, Kawarai and Nakane (15, 23) developed a "steady flow" apparatus in which a steady stream of the solution was pumped over the grids attached to a glass slide. However, it was found that we could accomplish the same goal by simply immersing the grids in DAB-H2O2, which was being agitated on a magnetic stirrer.
The grids were immersed in the moving solution after attachment to a ring stand with a thermometer clamp. The forcepsgrid unit could thereby be lowered into the staining solution.
Staining time was from 3 to 4 mm. After application of DAB-H202, the grids were washed in three consecutive changes of water and stained on a drop of aqueous 2% osmium tetroxide for 60 mm in a fume hood at room temperature. This step was imperative in this procedure, for no visible staining was achieved without osmication. Osmium is deposited in sites of oxidized, precipitated DAB and blackens the reaction product (35). It also serves as a general counterstain for the tissue.
To improve cellular detail, some of the grids were stained in saturated uranyl acetate (20-30 mm) and Reynolds' lead citrate (31) for 3-5 mm following the osmication step. The grids were viewed with a Philips 100 or an RCA EMU-3G electron microscope.
Production of antiserum:
Antiserum to 17-39 or 25-39 ACTH fragments (a gift from Dr. W. Rittel, Ciba, Basel, Switzerland) was produced in rabbits by multiple injections of 0.25 mg in Freund's complete adjuvant, according to the technique of Phifer and Spicer (29). The rabbits were bled from the ear artery 7-10 days after each injection.
In addition, antiserum to ACTH fragment 17-39 was obtained from the laboratory of S. S. Spicer (Department of Pathology, Medical University of South Carolina, Charleston, S. C.). It had been shown to be specific for ACTH by techniques of radioimmunoassay and did not cross-react with either aMSH or /IMSH (29).
Control experiments:
According to immunohistochemical standards initiallyset by Coons (6) A qualitative evaluation was made of cells from each of the sensitivity or specificity test groups. The staining intensity of these cells was rated on a scale of 0-5. Criteria for rating included: (a) density of coarse grains on the secretory granules, (b) density of juxtagranular staining and (c) presence and density of stain in other parts of the cytoplasm (such as the Golgi apparatus).
Means were calculated from these estimates.
RESULTS
Two cell types in the rat pituitary stained immunohistochemically for ACTH: a distinctive cell type in the anterior lobe and all of the cells of the intermediate lobe. The immunohistochemical staining pattern of the normal pars intermedia is described in other reports (19, 20 m %-#{149}5 , .
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.,.. . In the Golgi area (seen in Fig. 1 Unstained somatotrophs (S) are seen nearby. The ACTH cell process contains numerous stained secretory granules as well as a lysosome (L). Coarse stain is over the granules. Around the granules, the stain is often more diffuse and molecules of the PAP complex can be seen in these areas. This is shown at higher magnifications in the inset. The secretory granule in the inset was stained with a higher dilution of antiserum (28) and Moriarty5 have demonstrated that the ACTH cell 24 hr after adrenalectomy is larger than normal. There is more rough endoplasmic reticulum, free ribosomes are more numerous and the Golgi complex is more prominent, reflecting an increase in synthetic activity.
A striking feature of these cells is the degranulated condition (except in the area of the Golgi complex), which presumably reflects the loss of ACTH stores.
This feature makes them difficult to identify unless they are stained immunochemically.
An immunohistochemically stained ACTH cell 24 hr after adrenalectomy is seen in Figure 3 . It is rounder than normal, slightly more voluminous and poorly granulated; positively staining granules in the Golgi region persist in near normal numbers. The few stained granules at the periphery of the cell are often quite small, with an average diameter of 160 m z (24 measurements).
Generally they are no larger than 200 m ( Fig. 3) 
MORIARTY
AND HALMI 20 hr after the injection (10). Siperstein and Miller's ultrastructural studies showed that ACTH cells 7 days after adrenalectomy were extremely well granulated if cortisol was administered beginning 14 hr before death (34). They suggested that the initial effect of cortisol is to block secretion of ACTH. This was tested in this study by the staining of cells from rats which, 6 hr after adrenalectomy and 18 hr before death, had been given an injection of cortisol. Figure 4 demonstrates such a cell. It is strikingly different from an ACTH cell 24 hr after adrenalectomy and no injection of cortisol (Fig.   3 ). Most of these cells are as well granulated as normal ACTH cells(if not better).
The secretory granules sometimes stain more intensely than normal ones at the same dilution of antiserum.
In addition, the cytoplasm stains more intensely than in normal ACTH cells; higher magnification shows it to be full of PAP molecules. This is seen most clearly in PAF-fixed, methacrylate-embedded tissue. Figure 4 is from glutaraldehyde-fixed, Araldite-embedded tissue (in which these features are not as prominent; some light cytoplasmic staining can be noted, however). The cells in Figure  4 are from the rostral adenohypophysis, the special features of which were firstdescribed for the mouse by Stoeckel et a!. (37) . More details about the distinctive features of these cells are given below.
Twenty-one days after adrenalectomy, Gemzell et al. (11) measured an increase in pituitary ACTH to 3 times normal values. Anterior lobe ACTH cells 21 days after adrenalectomy are not as large as ACTH cells 7 days after the operation (25, 28). However, they are greatly increased in number and contain many secretory granules, which are often arranged in several rows along the plasma membrane (or may fill large areas of some of the cells). Figure 5 shows two such adrenalectomy cells. In general, the secretory granules are larger than normal, with an average diameter of 260 m t (92 measurements). Sometimes these cells have complex, tortuous processes which surround other cells. Others are rounder and so well granulated that they could be mistaken for somatotrophs if not stained immunohistochemically.
The rough endoplasmic reticulum is often dilated; the Golgi complex is prominent and contains a number of strongly staining granules (Fig. 5) .
ACT!! cells in the rostral adenohypophysis: Stoeckel et a!. (37) have recently described the ultrastructure of the rostral adenohypophysis in the mouse. This zone is very rich in ACTH cells and forms a collar around the infundibular stalk. ACTH cells from the rostral zone also invade the undifferentiated epithelium in the periphery of the pars intermedia lobules. The ACTH cells of the rat's rostral adenohypophysis have the immunohistochemical and morphologic properties of those in the main body of the anterior lobe, except for one important feature. The granule size is smaller, usually no more than 200 m t. Some cells may contain granules smaller than 100 m in diameter. Effect of fixation and embedding on the morphology and immunoreactivity of ACTH cells: Although a number of fixatives and two embedding media were tried, it was found that the combination of glutaraldehyde fixation and Araldite embedding was superior for the over-all preservation of pituitary morphology. The degree of preservation of the immunoreactivity of ACTH with the different fixatives differed with the portion of the pituitary involved.
In the anterior lobe ACTH cells,the immunoreactivity of ACTH was best preserved by PAF, and the immunohistochemical control tests (see next section) were therefore done on material fixed in p-formaldehyde or
PAF. ACTH cells in the anterior lobe
which were fixed in glutaraldehyde and embedded in Araldite stained less intensely. (A 1: 10 or 1:20 dilution of antiserum produced and estimated staining intensity of 5 in PAF-fixed anterior lobe ACTH cells and only 3 after glutaraldehyde fixation.) In spite of their lower staining intensity, cells from glutaraldehyde-fixed, Araldite-embedded tissue were chosen for the illustrations in this report because of the superior morphologic maintenance. In the pars intermedia, fixatives containing pformaldehyde destroyed the immunoreactivity of ACTH in the cells (and liquefied their secretory granules) (19, 20) . After glutaraldehyde fixation and Araldite embedding, however, they stained very intensely (19, 20) (with the same intensity as PAFfixed anterior lobe ACTH cells).The rostral adenohypophyseal ACTH cells stained like pars intermedia cells in glutaraldehyde-fixed material. Immunohistochemical controls: Figure 6 shows the results of the sensitivity tests. The staining intensity of ACTH cells is reduced as the antiserum dilution is increased.
With an increase in antiserum dilution, the stain over the secretory granule loses its coarseness and its opacity is diminished. In anterior lobe ACTH cells, weak staining (at the highest dilutions) is seen as only a few PAP molecules over the secretory granule.
The results of specificity tests are seen in Table I to consist of 13 amino acids identical with those in the N terminal of ACTH (18).If the antisera were cross-reactive with MSH, there would be a decrease in staining intensity.
No staining was observed when PAP, DAB, IgG or antiserum was omitted from the procedure. Substitution of normal serum for the antiserum also prevents staining, as shown by Figures  7 and 8 . with stongly staining secretory granules. In some parts of the cell,the granules are in several rows along the plasma membrane. The Golgi complex (g) granules stain strongly. Unstained somatotrophs (S), a gonadotroph (G) and a prolactin cell (P) can also be identified in this figure. Antiserum dilution 1:20; no counterstain; glutaraldehyde fixation; Araldite embedding. x4550.
Nonspecific staining:
With all fixatives, faint serum was 1: 100 or higher and was never seen over nonspecific staining of other anterior lobe cells oc-unstained granules in the pars intermedia even at curred at low dilutions of antiserum (1: 10 or 1:20 ,.
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